derivative spectrophotometry, 8 flow injection based techniques 7 and Hpoint standard addition method in micellizing solution have also been proposed. 9 α-Benzilmonoxime as a selective reagent has been applied for determination of some divalent metals. α-Benzilmonoxime in the mild basic solutions can form complexes with cobalt and copper, and in acidic solutions forms a green palladium complex which enables us to determine these metals with satisfactory selectivity and sensitivity. Liquid-liquid extractionspectrophotometry, 10 ,11 solid-liquid separation and then spectrophotometry in an organic solvent, 12 spectrophotometry in micellar solutions 13, 14 and electrochemical preconcentrationvoltammetry 15 have been applied to determine palladium, cobalt and copper by using the reagent as an effective complexing agent.
In the present work, cobalt was preconcentrated by using α-benzilmonoxime and microcrystalline naphthalene for sensitive and selective determination of cobalt. The preconcentration or selectivity enhancement are advantages of the method relative to the previous α-benzilmonoxime based methods.
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Experimental
Reagents and chemicals α-Benzilmonoxime was prepared and purified in our laboratory using a previously reported method. 16 An ethanolic 0.050 mol dm -3 stock solution of the reagent was prepared in a 100.0 cm 3 volumetric flask. A 1000 µg cm -3 cobalt solution was prepared in a 1000.0 cm 3 volumetric flask from CoCl2·6H2O (Merck) and standardized with 1-nitroso-2-naphthol. 17 This solution was then used as a stock solution.
Apparatus
A cecil UV-Vis double beam recording scanning spectrophotometer Model CE 9020 with one pair of 10 mm silica matched cells was used to measure absorbances and to record zero and first order derivative spectra of the solutions. A Shimadzu AA-670 flame atomic absorption spectrometer was used for AAS determination of cobalt.
Procedure
First, 5.0 cm 3 of sample solution, 2.0 cm 3 of 1.0 M NH3/NH4Cl buffer solution with pH equal to 9.3 and 1.0 cm 3 of ethanolic solution of 2.5 × 10 -3 mol dm -3 α-benzilmonoxime were added into a 250 cm 3 beaker. Then, an appropriate amount of doubly distilled water was added to adjust the total volume to 50 cm 3 into this beaker. After this mixture was kept standing 2 min (for completing the complex formation), 1.5 cm 3 of 20% (wt/v) acetonic solution of naphthalene was added and the mixture was stirred using a magnetic bar and stirrer at the speed of 250 -300 rpm for 30 min. Then the naphthalene phase was filtered on a small piece of filter paper. The naphthalene phase was dissolved into 5.0 cm 3 of chloroform, carefully. This mixture was then transferred into a quartz cell and its absorbance was measured at 384.0 nm against its blank for spectrophotometric cobalt determination. The spectrum of the chloroform solution was recorded against its blank for first derivative spectrophotometric determination of cobalt in the wavelength range of 300 -600 nm with ∆λ = 2 nm, using a scan speed of 600 nm/min. The analytical signal was the height of the minimum negative derivative signal at 419.0 nm. The cobalt content was determined using the previously prepared zero and first derivative spectrophotometric calibration graphs.
For determination of cobalt by AAS, the naphthalene phase was carefully dissolved into a 5.0 cm 3 MIBK after collection of the cobalt complex onto naphthalene. Then atomic absorbance of the cobalt solution was measured at 240.7 nm using air-acetylene flame under pre-selected burner conditions. The concentration of cobalt was estimated using a calibration graph prepared in the same manner.
Results and Discussion
Absorption spectra and optimization of variables
Appropriate zero and first derivative spectra were recorded against their blanks (accoding to the procedure). According to Fig. 1 , maximum absorbance of the cobalt complex is found at 384.0 nm.
Therefore, sensitive spectrophotometric determination of cobalt can be performed at this wavelength. Maximum sensitivity for first derivative cobalt determination according to Fig. 1 is obtained at 419.0 nm.
Optimizations of parameters were carried out at 384.0 nm at room temperature by one-at-a-time optimization method spectrophotometrically. At first, the pH value was optimized by keeping the other conditions constant. Based on the obtained results, pH values between 9.2 -9.4 using 1.0 mol dm -3 ammonia buffer produce maximum sensitivity. Ammonia buffer with pH value equal to 9.3 was selected for further studies.
Optimization of α-benzilmonoxime concentration in the range of 0.0 -3.0 × 10 -4 mol dm Cobalt found/µg (n = 7)
Zero derivative First derivative AAS time of stirring were changed to obtain the optimum condition. Also the preconcentration ability of the method was tested. A preconcentration factor of up to ∼30 using 5.0 cm 3 chloroform as eluent was obtainable.
Concentration of sodium chloride as ionic buffer was varied but no sensible differences in the sensitivity of the method were observed.
Based on the optimization results using the one-at-a-time optimization procedure, the following condition was preferred for the cobalt determination procedure: 1.5 cm 3 of 20% acetonic naphthalene solution, 30 min stirring, α-benzilmonoxime 5.0 × 10 -5 mol dm -3 and pH equal to 9.3.
Calibration, accuracy and precision
Under optimized conditions, eight standard concentrations of cobalt were applied to produce the calibration curves. The obtained calibration parameters are in Table 1 , the precision and accuracy of the method have been presented in Table 2 . These data imply good reproducibility and accuracy of the method.
The blank signal of the spectrophotometric procedure was measured for ten replicate determinations at 384.0 nm; then the limit of detection was evaluated to be 0.1 µg.
Effect of foreign ions
The effects of diverse ions on the first derivative spectrophotometric determination of cobalt have been tested. Fifty cubicmeters solutions containing 5.0 µg cobalt and various amounts of other ions were prepared and the proposed procedure for the determination of cobalt was followed. An error of ±3S in the absorbance of 5.0 µg cobalt was considered tolerable.
The added ions with their tolerable amounts are shown in Table 3 . Based on the results, Cr 3+ , Cu 2+ and Fe 3+ show mild interferences. Washing the chloroform phase (after dissolution of naphthalene phase) with 5.0 cm 3 of hydrochloric acid (0.01 mol dm -3 ) removes interferences of Cu 2+ up to 100 µg. An advantageous of the method is low interference effect of Ni 2+ on the determination of cobalt. The results clearly show the selectivity of the method.
Application
The contents of four ampoules of vitamin B12, each with 1.0 cm 3 volume, or one B-complex ampoule with 2.0 cm 3 volume were decomposed. 18 The cobalt contents were analyzed using an appropriate volume of the solutions by the recommended zero and first derivative spectrophotometric procedures. A standard method using nitroso-R salt has also been applied as a reference method. 19 The results are given in Table 4 .
The cobalt content of Co2O3-Co3O4 mixture was digested 13 and then was analyzed by the recommended spectrophotometric and first derivative procedures (Table 5) .
Solutions containing 20.0 µg of cobalt and appropriate amounts of the other metals listed in Table 5 were analyzed by the proposed first derivative and AAS methods. The results are given in Table 5 .
Cobalt can be determined using zero and first derivative spectrophotometry and atomic absorption spectrometry after preconcentration onto microcrystalline naphthalene as cobalt-α-benzilmonoximate complexes. The proposed method has been used to determine cobalt in a simple, sensitive and selective manner. This preconcentration-determination method was applied to estimate cobalt in pharmaceutical and alloy samples.
